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SUMMARY 

An Army HU-1A Bell Iroquois helicopter crashed while on a 
demonstration flight at Parks Air College,   East St.   Louis,   Illinois, 
Zl October  1959.    The tail boom and the engine tore free at successive 
impacts,   and the roof was crushed into the cockpit and cabin when the 
helicopter came to rest inverted.     The pilot sustained serious injury; 
the crew chief,   minor injury.     No other persons were aboard. 

A crash injury investigation conducted by Aviation Crash Injury 
Research found that (1) the seat and cushion contributed to the ampli- 
fication of the crash force imposed upon the pilot: (2) the structure 
supporting the  roof was not strong enough to prevent the roof from 
crushing into the cockpit and cabin under survivable crash force condi- 
tions. 

The investigation found also that (1) the skids and cross tubes 
seem to have absorbed a considerable amount of crash force: (2) the 
doors broke off and allowed large exits for escape: and (3) the fuel 
cells are located in an area not highly subject 10 impact damage. 

As a result of the above findings the attention of responsible 
military authorities is called to the following recommendations: 
(1) Immediate steps be taken toward increasing the integrity of the 
roof structure of this type helicopter.    (2)   Any seats used should offer 
their occupants a high degree of energy absorption. 



BACKGROUND 

On 21 October  1959 an Army HU-1A Bell Iroquois helicopter 
crashed at Parks Air College Airfield,   East St.   Louis,   Illinois. 
Both occupants,   pilot and crew chief,   were injured.    A crash injury 
investigation of the accident was conducted on 23-24 October by 
Aviation Crash Injury Research (AvCIR) under the provisions of 
Transportation Research Command Contract No.   DA 44-177-TC-624. 

The investigating team was handicapped to a degree by the 
fact that the wreckage had been removed from the scene of the crash 
and dismantling operations had been started.    Nevertheless,   photo- 
graphs of all essential components and equipment were obtained. 
In addition,   photographs available from Army photographers in re- 
lation to gouges in the ground and aircraft damage details,   together 
with a graphic plot of wreckage distribution,   made it possible to 
reconstruct the kinematics of the crash sequence.    Statements of 
witnesses and of the pilot and the crew chief helped further in the 
estimation of flight path velocity,   impact conditions,   stopping 
distances,  and,   finally, the principal vertical and horizontal forces 
during the crash. 

This is the Final Report on the crash injury investigation; 
it includes both a crash injury analysis and crashworthiness com- 
ments.     The report is documented by photographs,   including an 
unusual set depicting the crash sequence. 



D E S C R I P T I O N O F T H E A C C I D E N T 

G E N E R A L 

A U . S . A r m y H U - 1 A B e l l h e l i c o p t e r ( I r o q u o i s ) , S e r i a l No . 5 8 -
2 0 8 0 , e n g a g e d on a d e m o n s t r a t i o n a n d r e c r u i t i n g m i s s i o n , c r a s h e d 
w h i l e on a f l i g h t b e f o r e a g r o u p of a i r c o l l e g e s t u d e n t s a n d i n s t r u c t o r s 
a t P a r k s A i r C o l l e g e A i r f i e l d , E a s t St . L o u i s , I l l i n o i s , a t 10 :55 C e n t r a l 
D a y l i g h t T i m e , 21 O c t o b e r 1959 . 

T h e h e l i c o p t e r h a d c o m p l e t e d a h i g h - s p e e d r u n p a r a l l e l to a n d in 
f r o n t of t he s p e c t a t o r s , w h e n the p i l o t i n i t i a t e d a c y c l i c c l i m b to a p p r o x -
i m a t e l y 500 f e e t a b o v e t h e t e r r a i n to p r e p a r e f o r a n a u t o r o t a t i v e d e s -
c e n t . Upon a r r i v i n g a t t he d e s i r e d a l t i t u d e he m a d e a 1 8 0 - d e g r e e t u r n . 
Wi th a f o r w a r d v e l o c i t y of 30 to 40 k n o t s , he r e d u c e d p o w e r , l o w e r e d 
the n o s e of t h e a i r c r a f t , a n d e n t e r e d a u t o r o t a t i o n . I m m e d i a t e l y a f t e r 
e n t e r i n g the m a n e u v e r t he p i l o t n o t e d a n u n u s u a l l y h i g h r a t e of d e s c e n t . 
At a p o i n t e s t i m a t e d to h a v e b e e n 200 f e e t a b o v e t h e t e r r a i n he l e v e l e d 
the a i r c r a f t a n d a p p l i e d f u l l p o w e r a n d c o l l e c t i v e p i t c h , b u t he w a s u n -
a b l e to d e c r e a s e t he h i g h r a t e of v e r t i c a l d e s c e n t . R e a l i z i n g t h a t a 
c r a s h w a s i n e v i t a b l e , he c o n t i n u e d a p p l i c a t i o n of p o w e r a n d p i t c h a n d , 
j u s t p r i o r to t he c r a s h , s u c c e e d e d in p a r t i a l l y r e d u c i n g t h e h i g h " s i n k " 
r a t e . (See F i g . 1 b e l o w f o r a e r i a l v i e w of a c c i d e n t s c e n e . ) 

F i g . 1. T h e a i r c r a f t a p p r o a c h e d t h e f i e l d a s i n d i c a t e d by t h e a r r o w . 



Still in a level attitude,   with an estimated flight-path \elocity 
of 40 to 50 knots,   the aircraft crashed  in a flat,   heavily sodded,   open 
area a short distance southeast of the compass rose on Parks Airfield. 
At impact the tail boom began shearing loose and tore completely free 
as the aircraft rebounded into the air.     The aircraft struck the ground 
two more times,   finally coming to rest approximately 420 feet from 
the point of initial impact.     During this sequence the engine tore free 
from its mounts and rolled far to the right of the crash path.     Cargo 
and cabin doors were torn free.     The main transmission,   mast,   and 
rotor assembly tore free during the rolling of the aircraft near the end 
of the crash path.     When the aircraft came to rest inverted,   the  roof 
failed in compression,   collapsing against the seat backs of the pilot's 
and the crew chief's seats. 

The pilot and the crew chief,   the only occupants aboard the air- 
craft,   survived the accident.     The pilot sustained a serious lumbar 
spinal injury; the crew chief sustained only minor injuries.     (For de- 
tailed medical reports,   see Appendix I).     Both crew members were 
wearing safety belts but not shoulder harnesses or hard hats. 

CRASH SEQUENCE 

The helicopter struck the ground in a level attitude with an 
estimated flight path speed of 40 to 50 knots and a rate of descent of 
approximately  1600 to 2000 feet per minute.    (See Figs.   2-7,   pp.   6-8 
for photographs showing helicopter crashing).    This was computed 
from the estimated flight path speed and the angle of impact (18 to 23 
degrees).     The tail boom sheared from its upper attachment points to 
the fuselage as the aircraft hit the ground and then tore completely 
free as the aircraft rebounded into the air.    As the fuselage began to 
rotate to the right (clockwise) the right side of the boom impacted the 
aft end of the right landing skid. 

Gouge marks,  damage details,   and photographic interpretation 
indicate that the bottom of the fuselage struck the ground at the initial 
impact.     (For gouge marks,   see  Fig.  8,   p.  9).    The skids and cross 
tubes seem to have absorbed a considerable amount of crash force. 
Rebounding from the initial impact,   the aircraft was in a 20- to 25- 
degree nose-down attitude,   yawing to the right.     The left and right 
forward doors,   torn partially free in the impact,   were thrown com- 
pletely free during this rebound. 

The aircraft struck the ground a second time at a point 238 
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feet from the point of first impact.    Its attitude at the second impact 
was slightly nose down,   yawed approximately 200 degrees to the  right 
of its original heading,   and rolled slightly tc the  right.    At this impact 
the engine tore completely free from its mounts and was hurled aft, 
upward,   and away from the left side of ^.he aircraft,   as the aircraft 
continued to yaw to the right.    (See Fig.   4.   p.   7,   for photograph show- 
ing engine being hurled free).     The engine  "»ounced and rolled to the 
right of the crash path.     The main transmis.- ion was structurally weak- 
ened at the second impact,   although it remained attached to the air- 
craft.     The left cargo door was thrown from the aircraft at this time; 
it came to rest to the left of the crash path. 

The aircraft bounced back into the air from the second impact, 
remaining airborne for 132 feet before it struck the ground for the 
third time (about  360 feet along the craoh path).     While the aircraft 
was airborne it was  yawing to the right (clockwise),   rolling to the left, 
and had its nose down 5 to  10 degrees.    At third impact the aircraft 
was yawed approxirrwately  300 degrees to the  right of its original head- 
ing,   rolled over on its left side 20 to 25 degrees,   and still had its nose 
down 5 to 10 degrees. 

Just prior to the third impact the main rotor struck the ground. 
This contact of the  rotor and the third impact of the aircraft which 
followed almost tore the main transmission free. 

As the aircraft rebounded from the third impact,   it rolled to 
the  right,  and the lower portion of the nose struck the ground.     Now on 
the ground,   the aircraft slightly reversed its direction of yaw and con- 
tinued rolling to the  right,   beyond an inverted position,   partially onto 
its left side.    It then settled back and came to rest in an inverted 
position,  approximately 420 feet from the point of first ground contact. 
(See Fig.  9,   p.   9,   for close-up view).    During this ground roll the roof 
structure collapsed into the cockpit and cabin area.    The final heading 
of the aircraft was 270 degrees to the right of its original flight path. 
The transmission,   mast,   and blade group,   which had failed to the left 
as a unit,  came to rest underneath the aircraft,   with the mast extending 
outward at right angles to the aircraft's left side.     (See Figs.   10-12, 
pp.   10-11.    For view of wreckage area,   see Figs.   13 and 14,  pp.   11- 
12). 

See fold-outs of the vertical and horizontal diagrams of the 
crash sequence inserted following page  12. 
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F i e 2 H U - 1 A d e s c e n d i n g to i n i t i a l i m p a c t . Dot ted l ine i n d i c a t e s 
' a p p r o x i m a t e f l i gh t p a t h ( d e t e r m i n e d a s c l o s e l y a s p o s s i b l e 

t h r o u g h p h o t o g r a p h i c a n a l y s i s ) . The a r r o w i n d i c a t e s po in t ol 
i m p a c t . 

i \ 

,i * " V 

Fig 3 HU- 1A shown r e b o u n d i n g off g r o u n d a f t e r i n i t i a l i m p a c t . T a i l 
b o o m is b r o k e n d o w n w a r d ; f u s e l a g e b e g i n s t u r n i n g c l o c k w i s e . 
In i t i a l i m p a c t gouge i n d i c a t e s a i r c r a f t r o d e on g r o u n d a t l e a s t 
12 f e e t b e f o r e r e b o u n d i n g b a c k in to the a i r . ( R e f e r to r i g . » 
P. 9). 
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F i g . 4. View of r i g h t s i de and u n d e r s i d e of H U - 1 A (nose is a t the r i g h t ) , 
a i r b o r n e a f t e r s e c o n d i m p a c t abou t 350 f e e t a long c r a s h p a t h . 
Note tha t eng ine is t o r n f r e e , h u r t l i n g a h e a d of f u s e l a g e ; s l i g h t 
d i s p l a c e m e n t of r o t o r head to l e f t is i n d i c a t e d . 

F i g . 5. H U - 1 A r o l l i n g to r e s t (about 410 f e e t a long c r a s h pa th ) . A r r o w 
i n d i c a t e s d i r e c t i o n of t r a v e l of e n g i n e . 
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F i g . 6. H U - 1 A a t r e s t (about 420 f e e t a long c r a s h pa th ) i n v e r t e d . 

F i g . 7. E n g i n e c o n t i n u e d to r u n f o r a few s e c o n d s a f t e r be ing t o r n f r e e . 

8. 
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F i g . 8. In i t i a l i m p a c t a r e a . A r r o w 1 i n d i c a t e s the l e f t sk id m a r k ; 
a r r o w 2, the r i g h t sk id m a r k ; and a r r o w 3, the f u s e l a g e gouge . 

F i g . 9. HU-1A a s it c a m e to r e s t in an i n v e r t e d p o s i t i o n . 
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F i g . 10. L e f t s i d e of a i r c r a f t . T r a n s m i s s i o n and r o t o r head , m a s t , 
and b l a d e s w e r e b r o k e n to the l e f t (about 90 d e g r e e s ) . L e f t 
v e r t i c a l roof s u p p o r t i n g m e m b e r is a l s o buck l ed ( a r r o w 1). 

F i g . 11. T r a n s m i s s i o n , m a s t , head and b l a d e s b r o k e off a s a uni t to 
the l e f t . 
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F i g . 12. T r a n s m i s s i o n , m a s t , r o t o r head and b l a d e s v i e w e d look ing 
a f t . Le f t f u e l c e l l a r e a is shown ( a r r o w ) . 

F i g . 13. A e r i a l v iew of m a i n w r e c k a g e a r e a . A r r o w s i n d i c a t e the 
f o l l o w i n g : 1, l e f t f o r w a r d d o o r ; 2, r i g h t f o r w a r d d o o r ; 3, t a i l 
boom; 4, cowl ing ; 5, l e f t eng ine cowl ing ; 6, l e f t c a r g o d o o r ; 
7, cowl ing ; 8, t a i l r o t o r d r i v e s h a f t p i e c e ; 9, f u s e l a g e ; 10, 
d i r e c t i o n of e n g i n e . 
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F i g . 14. G r o u n d v iew of m a i n w r e c k a g e a r e a . 

12. 
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Figure   15.     Crash Kinematics Drawing (Top View) 
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Figure  16.     Crash Kinematics  Drawing (Side  View) 
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DAMAGE TO THE AIRCRAFT 

The cockpit and cabin areas were extensively damaged by the 
downward collapse of the  roof structure onto the top of the pilot's and 
copilot's seat backs.     The overhead structure was also impinging on 
the second row of seat backs as the helicopter lay in its position of final 
rest.    (See  Figs.   17-23,   p.   14 ff. ,   for views from various angles). 
Collapse of the  roof was caused by the failure of the left and the right 
vertical supporting members,   which are also utilized as door posts. 
TIK- collapse of the   roof structure allowed the overhead console to move 
downward and come to rest against the top of the copilot's  seat back. 
(See  Figs.   Z-i-Z^,   p.    18).     The aft bulkhead was partially collapsed as 
the aircraft  rolled to an inverted position.     (See  Figs.   16-20,   p.    19 ff. ) 

Both the pilot's and the copilot's doors were torn free during the 
crash sequence,   .is was the left cargo door.     The  right cargo door,   al- 
though torn partially free,   remained attached to the cabin. 

The instrument panel,   even though loosened by impact forces 
and displaced slightly forward,   sustained very little damage and Re- 
mained intact.    (See Fig.  22,   p.   17; Fig.   31,   p.   21). 

Both the pilot's and the copilot's collective pitch and cyclic con- 
trols were undamaged.    The pilot's rudder pedals were broken,   but the 
copilot's pedals were undamaged.    (See Fig.   32-33,   p.   22).    The floor 
structure of the cockpit and the cabin area was completely intact except 
for some distortion in the vicinity of the pilot's  rudder pedals.     (For 
views of floor see Figs.   34-36,  p.   23 ff. ;  Fig.   30,   p.  21). 

All of the seats in the cockpit and cabin area remained intact and 
in their normal positions following the crash.     However,   both the pilot's 
and the copilot's seats  revealed slight distortion to the right.    (See dis- 
tortion in Figs.   37-38,   p.   24 ff. )   There appeared to be no other d.'.mage 
to the seats. 

The roof structure itself remained  relatively intact e\vn though 
it had collapsed into the cabin when the aircraft  rolled over.     The lower 
right exterior of the nose sectioi   revealed some impact damage (Se«* 
Eig.   39,   p.   25):  and the  belly section,   although  intact,   was buckled  in- 
ward and collapsed in the area directly to the  rear of the hoist well, 
(See Fig.   40,   p.   26).     The structure surroundinu both fuel tanks,   which 
are lo   ited directly behind the aft bulkhead,   was intact.     The fuel cells 
were ui damaged.     The tail cone was sheared from the fuselage at its 
upper attachments points.     (Sheared cone and attachment points are 
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s h o w n in F i g s . 4 1 - 4 2 , pp . 2 6 - 2 7 ) ; the e n t i r e t a i l cone and t a i l r o t o r 
t o r e f r e e a s a un i t and r e m a i n e d r e l a t i v e l y i n t a c t . The r e a r p o r t i o n of 
the r i g h t s k i d e v i d e n t l y gouged a hole a long the r i g h t s i d e of the t a i l cone 
a s the t a i l cone w a s t e a r i n g f r e e f r o m the f u s e l a g e . 

The f r o n t c r o s s tube f a i l e d d u r i n g the c r a s h s e q u e n c e . The r e a r 
c r o s s tube r e m a i n e d i n t a c t but w a s b a d l y d i s t o r t e d . Both the l e f t and the 
r i g h t s k i d s , a l t h o u g h i n t a c t , w e r e p u s h e d u p w a r d to a p o s i t i o n e v e n wi th 
the b o t t o m of the f u s e l a g e . (See sk id d e f o r m a t i o n in F i g s . 4 3 - 4 4 , pp . 
2 7 - 2 8 ) . 

The e n g i n e w a s t o r n f r e e and d a m a g e d in bounc ing and r o l l i n g . 
( F o r c l o s e - u p v i ew of e n g i n e w h e r e i t c a m e to r e s t , s e e F i g . 45, p . 28) . 
The m a i n t r a n s m i s s i o n , m a s t , and r o t o r a s s e m b l y w a s p a r t i a l l y t o r n 
f r e e a s a u n i t . Bo th the t r a n s m i s s i o n and the r o t o r b l a d e s w e r e e x t e n -
s i v e l y d a m a g e d . 

F i g . 17. F r o n t v i ew , a i r c r a f t r i g h t e d . E x c e p t f o r o v e r a l l i n w a r d 
c r u s h i n g of the c a b i n r o o f , on ly m o d e r a t e d a m a g e w a s 
s u s t a i n e d by the roof s t r u c t u r e . 
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F i g . 18. Right s i d e of f u s e l a g e . Note t ha t o v e r h e a d s t r u c t u r e ( roof ) 
is i m p i n g e d on top of the p i l o t ' s s e a t . The w i n d s h i e l d w i p e r 
m o t o r ( a r r o w 1) w a s f o r c e d d o w n w a r d in to the a r e a n o r m a l l y 
o c c u p i e d by the p i l o t ' s h e a d . 

F i g . 19. L e f t s i de of c a b i n . The o v e r h e a d s t r u c t u r e on t h i s s i d e a l s o 
i m p i n g e d on the o c c u p i a b l e a r e a . Note t h a t the o v e r h e a d 
s t r u c t u r e is r e s t i n g on both the c o p i l o t ' s s e a t bac ( a r r o w 1) 
and the s e c o n d row of s e a t s ( a r r o w 2). 
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F i g . 20 . L e f t s i d e of c a b i n . Note t ha t the c o p i l o t ' s s e a t top is s u p p o r t -
ing the o v e r h e a d s t r u c t u r e ( a r r o w 1). Note the f a i l u r e of the 
v e r t i c a l s u p p o r t m e m b e r ( a r r o w 2). 

F i g . 21 . View of a i r c r a f t i n v e r t e d . Note tha t roof is i m p i n g e d on top 
of p a s s e n g e r s e a t beh ind the c o p i l o t ' s s e a t ( a r r o w ) . 
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F i g . 22. I n s t r u m e n t p a n e l b r o k e f o r w a r d (away f r o m o c c u p a n t s ) d u r -
ing c r a s h ( a r r o w ) . 

F i g . 23. C o p i l o t ' s ( le f t ) o v e r -
head window f r a m e ( a r r o w 1) 
and l e f t f o r w a r d d o o r p o s t 
( a r r o w 2) w e r e c r u s h e d 
i n w a r d . 

17. 



F i g . 24. View of c o p i l o t ' s e n v i r o n m e n t (the p i l o t ' s s e a t h a s b e e n r e -
m o v e d ) . Note tha t the o v e r h e a d c o n s o l e f a i l e d d o w n w a r d and 
i m p i n g e d on the top of the c o p i l o t ' s s e a t ( a r r o w ) . 

F i g . 25. O v e r h e a d c o n s o l e ( a r r o w 1) p r e s e n t s h a z a r d o u s c o n d i t i o n 
w h e n a l l o w e d to c r u s h i n w a r d . L o w e r c o n t r o l c o n s o l e ( a r r o w 
2) o f f e r s no p r o t e c t i o n (padding) a g a i n s t i n j u r i e s , wh ich 
would be p r o d u c e d t h r o u g h f o r c e f u l c o n t a c t . In t h i s a c c i d e n t 
no s e r i o u s i n j u r i e s o c c u r r e d a s a r e s u l t of th i s c o n d i t i o n . 
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F i g . 26. L e f t s i de of HU-1A, showing o v e r h e a d ( roo f ) s t r u c t u r e ( a r r o w 
1), a f t c a b i n f i r e w a l l b u l k h e a d ( a r r o w 2), l e f t f u e l c e l l a r e a 
( a r r o w 3), r o t o r t r a n s m i s s i o n ( a r r o w 4), and f o r w a r d eng ine 
f i r e w a l l s u p p o r t ( a r r o w 5). 

F i g . 27. L e f t a f t c a b i n . Sea t back ( a r r o w 1) and u p p e r padd ing ( a r r o w 
2) a r e pu l l ed f o r w a r d e x p o s i n g a f t c a b i n b u l k h e a d f i r e w a l l , l e f t 
f u e l c e l l a r e a ( a r r o w 3). Dot ted l ine ( a r r o w 4) i n d i c a t e s n o r -
m a l c o n f i g u r a t i o n of a f t c a b i n u p p e r b u l k h e a d f i r e w a l l , w h i c h 
i s b r o k e n and b u c k l e d b a c k to p o s i t i o n shown by do t t ed l ine 
( a r r o w 5). 
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F i g . 28. N o r m a l p o s i t i o n of 
b u l k h e a d ( a r r o w 1); d i s t o r t e d 
p o s i t i o n ( a r r o w 2). P h o t o 
t a k e n a f t e r s t r i p p i n g of c a b i n . 

F i g . 29. Righ t s i d e , a f t c a b i n b u l k h e a d f i r e w a l l a r e a . Heavy do t t ed 
l i ne i n d i c a t e s n o r m a l p o s i t i o n of f i r e w a l l f r a m e ( a r r o w 1). 
Note c r a c k e d r o t o r t r a n s m i s s i o n ( a r r o w 2). A r r o w 3 
i n d i c a t e s r i g h t f u e l c e l l a r e a . 

m i 
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RIGHT 

F i g . 30. Aft c a b i n b u l k h e a d , showing f u e l c e l l a r e a , r i g h t (ar . row 1) 
and l e f t ( a r r o w 2). Ho i s t w e l l ( a r r o w 3) and h o i s t coup l ing 
( a r r o w 4) a r e l o c a t e d b e t w e e n f u e l c e l l s . S e a t s and f l o o r 
c o v e r i n g a r e r e m o v e d to r e v e a l i n t a c t f l o o r , w i thou t the 
s l i g h t e s t d i s t o r t i o n . 

F i g . 31. I n s t r u m e n t p a n e l and c o n t r o l c o n s o l e on c o p i l o t ' s s i d e ( l e f t ) . 
Note tha t i n s t r u m e n t p a n e l i s b r o k e n f o r w a r d , a w a y f r o m 
o c c u p a n t ( a r r o w 1). A r r o w 2 i n d i c a t e s the f i r e e x t i n g u i s h e r 
m o u n t . 
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F i g . 32. L e f t ( cop i lo t ) p e d a l w e l l . E x c e p t f o r b r o k e n p l e x i g l a s s , th i s 
s t r u c t u r e w a s r e l a t i v e l y i n t a c t . 

F i g . 33. Righ t (pi lot) p e d a l 
w e l l . P e d a l s ( a r r o w s ) w e r e 
b r o k e n d u r i n g goug ing . 
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F i g . 35. Righ t s i d e f u s e l a g e ( s e a t s r e m o v e d ) . Note c o m p r e s s i o n and 
f a i l u r e of v e r t i c a l o v e r h e a d s u p p o r t m e m b e r , w h i c h a l l o w e d 
o v e r h e a d s t r u c t u r e to c r u s h d o w n w a r d . (See F i g . 67). 

F i g . 34. Cockp i t a r e a wi th p i l o t ' s and c o p i l o t ' s s e a t s r e m o v e d . Note 
tha t the f l o o r s t r u c t u r e is i n t a c t e x c e p t in t ha t a r e a be low 
the p i l o t ' s r u d d e r p e d a l s ( a r r o w s 1 and 2). Note the d a m a g e 
to p i l o t ' s p e d a l s . ( S e v e r a l i n s t r u m e n t s and a p o r t i o n of the 
c o n s o l e w e r e r e m o v e d p r i o r to p h o t o g r a p h i n g . ) 
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F i g . 36. Righ t f r o n t ( p i l o t ' s ) f l o o r a r e a wi th c o n t r o l a c c e s s p l a t e r e -
m o v e d to d e t e r m i n e w h e t h e r any h idden d a m a g e e x i s t e d . 
None w a s found . P i l o t s e a t oun t ing p l a t e w a s f a s t e n e d to 
f l o o r o v e r t h i s a c c e s s are . . 

F i g . 37. P i l o t ( le f t ) and c o p i l o t ( r igh t ) s e a t s - r e m o v e d f r o m the a i r -
c r a f t . S l ight d i s t o r t i o n to the r i g h t (on both s e a t s ) is v i s i b l e . 
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F i g . 38. P i l o t ( r igh t ) and cop i lo t ( le f t ) s e a t s . D i s t o r t i o n to the r i g h t 
is m o r e n o t i c e a b l e f r o m th i s v i ew . Note m o u n t i n g p l a t e s 
u s e d to i n s t a l l t h i s " s p e c i a l " s e a t in the d e m o n s t r a t i o n H U - 1 A . 

F i g . 39. F r o n t v i e w . Note 
f r o n t r i g h t c r o s s - t u b e f a i l u r e 
( a r r o w ) . Dot ted l i n e s i n d i c a t e 
a p p r o x i m a t e n o r m a l c r o s s -
tuDe c o n f i g u r a t i o n . D a m a g e 
i n c u r r e d to the f u s e l a g e i s 
g r e a t e r on the r i g h t s i d e . A l -
though d i s t o r t e d , the r e a r 
c r o s s - t u b e did not f a i l . 
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F i g . 40 . Af t r i g h t f u s e l a g e . A r r o w s i n d i c a t e f u s e l a g e b e l l y a r e a 
(be l i eved to have b e e n d a m a g e d a t i n i t i a l i m p a c t ) . 

F i g . 41 . Af t r i g h t f u s e l a g e , showing p o s i t i o n f o r r o t o r m a s t and t r a n s -
m i s s i o n ( a r r o w 1), e n g i n e a r e a ( a r r o w 2), t a i l b o o m a t t a c h -
m e n t ( a r e a 3). 
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F i g . 42. F o r w a r d end of t a i l 
b o o m . U p p e r r i g h t ( a r r o w 1) 
and u p p e r l e f t ( a r r o w 2) a t t a c h -
ing p o i n t s f a i l e d a t i n i t i a l i m -
p a c t - in t e n s i o n . L o w e r r i g h t 
( a r r o w 3) po in t f a i l u r e w a s 
f i r s t in c o m p r e s s i o n , then 
t e n s i o n . L o w e r l e f t ( a r r o w 4) 
f a i l u r e w a s p r i m a r i l y in c o m -
p r e s s i o n . 

F i g . 43. L e f t a f t c r o s s - t u b e . Note d a m a g e to the f u s e l a g e (probably-
o c c u r r e d a t i n i t i a l i m p a c t ) . 

RIGHT 
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p i g > 44, C l o s e - u p of r i g h t f r o n t c r o s s - t u b e f a i l u r e i n d i c a t e s it had 
d e f l e c t e d to a g r e a t e x t e n t , a b s o r b i n g v e r t i c a l c r a s h f o r c e . 

F i g . 45. H U - 1 A je t eng ine shown a s it c a m e to r e s t . 
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F i g . 46. F o r w a r d l e f t (not 
shown) and a f t l e f t ( a r r o w 1) 
e n g i n e m o u n t s f a i l e d in c o m -
p r e s s i o n . C e n t e r ( a r r o w 2), 
a f t ( a r r o w 3), and f o r w a r d 
( a r r o w 4) eng ine m o u n t s f a i l e d 
in t e n s i o n . 

F i g . 47. C e n t e r eng ine m o u n t a f t ( a r r o w ) w a s t o r n f r e e in an u p w a r d 
d i r e c t i o n . 
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F i g . 48. T r a n s m i s s i o n m o u n t ( a r r o w 1) w a s c r a c k e d ; t r a n s m i s s i o n , 
r o t o r m a s t , r o t o r head and b l a d e s b r o k e off c o m p l e t e l y to the 
l e f t . F o r w a r d f i r e w a l l b u l k h e a d ( a r r o w 2) is p o i n t e d out f o r 
o r i e n t a t i on. 

F i g . 49 . R i g h t f r o n t ( p i l o t ' s ) d o o r , w h i c h w a s t o r n p a r t i a l l y f r e e a t 
i n i t i a l i m p a c t , w a s found a t a po in t a p p r o x i m a t e l y 210 f e e t 
a long the c r a s h p a t h . Both the u p p e r ( a r r o w 1) and the l o w e r 
( a r r o w 2) h i n g e s f a i l e d . 
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F i g . 50. L e f t f r o n t ( c o p i l o t ' s ) d o o r , w h i c h w a s a l s o t o r n p a r t i a l l y f r e e 
a t i n i t i a l i m p a c t , w a s found a p p r o x i m a t e l y 175 f e e t a long the 
c r a s h p a t h . Both the u p p e r ( a r r o w 1) and the l o w e r ( a r r o w 2) 
h i n g e s w e r e t o r n f r e e . 

F i g . 51. C l o s e - u p of p i l o t ' s e n v i r o n m e n t ( r i gh t s i d e ) . 
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CRASH INJURY ANALYSIS 

At the final stage of the crash the aircraft went over onto its 
back,   causing the ruof structure to collapse into the occupiable ar«_'a, 
where it came to rest on top of the pilot's and crew chief's seat backs, 
as previously described. 

Information from the crew chief indicates that,   as the aircraft 
rotated clockwise,   both he and the pilot were thrown to the left and 
forward.     Even in their  furthermost flexed-forward position,   neither 
the pilot MOT the crew chief struck his head on the instrument panel. 
This sideward and downward deflection also saved them from serious 
head injuries in the collapse of the roof. 

The only serious injury occurring in this crash was the lumbar 
spinal injury sustained by the pilot.     (See Medical Report in Appendix 
I).    This spinal injury suggested that a critically high vertical force had 
been applied through the seats and prompted a thorough examination of 
them.     This examination revealed no damage other than a slight distor- 
tion to the right.    (See Figs.   37-38,  pp.  24-Z5). 

The seats and the seating configuration in this airc raft diffe red 
from those normally found in the HU-1A. Heavier upholstered seats 
had oeen installed throughout and a row of three had been added across 
the center of the cabin. Three seats replaced the three- or four-place 
bench across the aft end of the cabin. (See Figs. 52-55, p. 33 ff. , for 
^iews of seats and seating configuration). 

The pilot's and the copilot's seats were individually mounted on 
large,   flat supporting plates with tracks for forward and aft adjustment. 
(See plates and track fittings in Figs.   56-5,8,   p.   35 ff. ).    The three 
individual seats across the center of the cabin were mounted on one 
large plate.    The triple seat across the aft end of the cabin was support- 
ed by tubular structure in the usual manner for Army troop seats. 

The seats are model TE 432F-2,   constructed on a frame of 
chrome-moly aircraft-grade tubing (SAE 120),   and have a cushion of 
4-iiich polyurathane foamed material.     The seat pan is a si      * of nylon, 
impregnated with neoprene,  drawn very tightly over the tubular       "ne 
and bonded securely.     (See Figs.   59-63,  p.   36 ff. ,  showing strippea 
seats). 
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F i g . 52. An HU-1A ( r igh t ) is shown a l o n g s i d e the Be l l 4 7 J ( le f t ) f o r 
s i z e and c o n f i g u r a t i o n c o m p a r i s o n . The H U - 1 A s e a t s and 
c o n f i g u r a t i o n i l l u s t r a t e d a r e the s a m e a s t h o s e of the one 
i nvo lved in the a c c i d e n t . 

F i g . 53. R igh t s i d e of HU-1A, showing i n s t a l l a t i o n of d e m o n s t r a t i o n -
type T e c o s e a t s (Model T E 4 3 2 F - 2 ) . T h i s pho to w a s t a k e n 
j u s t p r i o r to the f l i gh t on w h i c h the a c c i d e n t o c c u r r e d . 
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F i g . 54. L e f t s i d e v iew - Be l l H e l i c o p t e r C o r p o r a t i o n P h o t o - m a n u -
f a c t u r e r ' s c o n f i g u r a t i o n . No te : The s e a t s i l l u s t r a t e d a r e not 
t h o s e n o r m a l l y u t i l i z e d in the H U - 1 A h e l i c o p t e r . T h e s e s e a t s 
w e r e s p e c i a l l y i n s t a l l e d in t h i s a i r c r a f t , w h i c h w a s to be u s e d 
f o r d e m o n s t r a t i o n and r e c r u i t i n g p r o g r a m s . 

F i g . 55. L e f t s i d e v i ew - a f t c a b i n - B e l l H e l i c o p t e r C o r p o r a t i o n P h o t o -
m a n u f a c t u r e r ' s c o n f i g u r a t i o n . The f r o n t s e a t s a r e f o r p i lo t 
and c o p i l o t ( v i s i b l e ) . The 3 i n d i v i d u a l s e a t s in the s e c o n d row 
a r e p a s s e n g e r s e a t s , a s a r e the 3 b e n c h s e a t s a c r o s s the b a c k . 
The i n d i v i d u a l s e a t s a r e the type n o r m a l l y u s e d in the A e r o 
C o m m a n d e r . 
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F i g . 56. P i l o t ' s s e a t is shown 
i n s t a l l e d in the H U - 1 A . M o u n t -
ing p l a t e , upon w h i c h s e a t 
t r a c k s w e r e m o u n t e d , w a s held 
to a i r c r a f t f l o o r wi th 16 b o l t s . 

F i g . 57. Sea t t r a c k s on m o u n t i n g p l a t e a f f o r d f o r e / a f t a d j u s t m e n t . 
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F i g . 58. Sea t m o u n t i n g p l a t e ( a r r o w 1), s e a t t r a c k ( a r r o w 2), s e a t 
b a c k ( a r r o w 3), s e a t c u s h i o n ( a r r o w 4), and s e a t b o t t o m 
( a r r o w 5). 

F i g . 59. P l a s t i c ( l e a t h e r e t t e ) u p h o l s t e r y ( a r r o w 1) w a s r e m o v e d f r o m 
the s e a t c u s h i o n , r e v e a l i n g a 4 - i n c h t h i ck c u s h i o n of f o a m e d 
p o l y u r a t h a n e ( a r r o w 2). T h i s c u s h i o n w a s c e m e n t e d to the 
top of the s e a t pan ( a r r o w 3). 
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F i g . 60. The b o t t o m of the s e a t pan ( a r r o w 1) is a s h e e t of ny lon 
m a t e r i a l i m p r e g n a t e d wi th n e o p r e n e . T h i s s h e e t i n g h a s b e e n 
s t r e t c h e d t ight o v e r a f r a m e of c h r o m e - m o l y tub ing (SAE 120) 
and bonded to the tubing ( a r r o w 2). 

F i g . 61. P o l y u r a t h a n e c u s h i o n , c e m e n t e d to the n e o p r e n e - i m p r e g n a t e d 
ny lon s e a t pan , i s r e m o v e d . The s e a t pan d o e s not a p p e a r to 
have any d e g r e e of y i e ld o r s t r e t c h . 
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F i g . 62. Top v iew of s e a t 
p a n . 

F i g . 63. Side v i ew of s e a t p a n . 
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What appears to have happened is that during the vertical de- 
celeration at initial impact,   the aircraft dissipated all its vertical 
velocity in a stopping distance of about  15 inches,   sustaining a mean 
deceleration of approximately 9. 8 G's vertically.     {See Appendix II). 

The load acting on the occupants probably exceeded 9.8 G's, 
however,   since they were sitting on polyurathane toamred seat cushions. 
The lack of sufficient energy absorption characteristics of this material 
would allow the occupants to "bottom" suddenly against the rigid seat 
pan during the aircraft's vertical deceleration.     The resulting jolt load 
would have to be added to the 9. 8 G's already acting on the seat struc- 
ture.    This load ampli/'ication may well explain the spinal injury of the 
pilot. *   It is normally considered possible for the human body,   properly 
supported,   to withstand as much as 24. 5 G's vertically without injury 
lo the skeletal structure. ** 

It is interesting to note that the crew chief, sitting in the co- 
pilot's seat, did not receive spinal injuries. A possible explanation 
may be found in the following: 

The cri'w chief states that he braced himself against the impact 
by holdin^ uiito the seat pan with both hands.    In the absence of a 
shoulde • 5S this would provide a measure of upper torso support. 
He may . ;~u have pulled himself down into the seat,  thereby compress- 
ing the s<.-at cushion and decreasing the bottoming distance. 

Another factor that must be considered is the difference in leg 
positions of the pilot and the crew chief.    The pilot probably had his 
legs stretched out engaging the controls,  while the crew chief likely had 
his feet on the floor directly in front of his seat.     The knee-high position 
of the latter could have decreased the contact area betweei   his buttocks 
and the cushion,   resulting in a deeper impression in the cushion and 
less bottoming distance. 

I- 

*    F.  Girling and E. D. L.   Topliff,   Dynamic Testing of Energy Absorb- 
ing Materials,   DRB Project No.  D50-93-20-02,  Defense Research 
Medical Laboratories,   Toronto (Canada),   1938. 

** J. P.  Stapp,   Human Exposures to Linear Deceleration,   Part 2.     The 
Forward-Facing Position and the Development of a Crash Harness. 
Wright Air Development Center,  Wright-Patterson Air Force Base, 
Dayton (Ohio),   December,   1951.    Report No.   5915,  Part 2. 
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It is f e l t , t h e r e f o r e , t h a t the p i lo t s u f f e r e d s p i n a l i n j u r y b e c a u s e 
of l oad a m p l i f i c a t i o n and tha t the c r e w chief e s c a p e d s u c h i n j u r y by not 
b e i n g s u b j e c t e d to the s a m e d e g r e e of load a m p l i f i c a t i o n . 

The p i l o t ' s r i b f r a c t u r e w a s p r o b a b l y c a u s e d by c o n t a c t w i th the 
c y c l i c s t i c k . What c a u s e d h is i l i a c f r a c t u r e , w h i c h w a s not s e r i o u s , 
c a n n o t e a s i l y be d e t e r m i n e d . In s p i t e of h i s i n j u r i e s he w a s ab le to 
e v a c u a t e the a i r c r a f t by h i m s e l f . 

F i g . 64. S a f e t y b e l t a n c h o r a g e s on s i n g l e s e a t s a r e d e s i g n e d to be f l e x -
ib le f o r f o r c e a p p l i c a t i o n in one p l a n e only; they p ivo t on t h e i r 
a t t a c h i n g b o l t s ( a r r o w 1). Note p a r a c h u t e s and h a r n e s s s t o r e d 
b e n e a t h r e a r p a s s e n g e r s e a t ( a r r o w 2). 
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CRASH WORTHINESS C O M M E N T S 

An e s t i m a t e d v e r t i c a l d e c e l e r a t i o n of 6. 3 to 14. 2 G ' s (or an 
a v e r a g e of 9. 8 G ' s ) w a s s u s t a i n e d d u r i n g the i n i t i a l i m p a c t in t h i s 
a c c i d e n t . (See A p p e n d i x II f o r d e t a i l e d c a l c u l a t i o n s of c r a s h f o r c e ) . 
The l and ing s k i d s of the a i r c r a f t a p p e a r to have a b s o r b e d a c o n s i d e r -
ab l e a.mount of the c r a s h e n e r g y . The c r o s s - t u b e s s u p p o r t i n g the s k i d s 
y i e l d e d to p e r m a n e n t s e t , and e n e r g y w a s a b s o r b e d o v e r a v e r t i c a l d i s -
t a n c e of a p p r o x i m a t e l y 15 i n c h e s . ( D e f o r m a t i o n i s shown r e l a t e d to 
n o r m a l p o s i t i o n of s k i d s and c r o s s - t u b e s in F i g . 39, p. 25) . The s k i d s 
w e r e d r i v e n u p w a r d to a p o s i t i o n j u s t abou t e v e n wi th the u n d e r s i d e of 
the f u s e l a g e . (See F i g s . 9~10> PP- 7 - 8 ; F i g . 65, be low) . The b e l l y of 
the f u s e l a g e s u s t a i n e d v e r y l i t t l e d a m a g e e x c e p t f o r the a f t p o r t i o n 
b e n e a t h the t r a n s m i s s i o n and eng ine d e c k a r e a . 

The t a i l cone and t a i l r o t o r a s s e m b l y b r o k e f r e e a s a u n i t d u r i n g 
the i n i t i a l i m p a c t , and the r i g h t s i d e of the t a i l b o o m w a s s u b j e c t e d to 
a g r e a t d e a l of s t r u c t u r a l d a m a g e . ( F o r a c t i o n p h o t o g r a p h of a s s e m b l y 
b r e a k i n g s e e F i g . 3, p . 6). 

R e f e r e n c e is m a d e h e r e to the s p e c i a l s e a t s and the s e a t i n g 

F i g . 65. Righ t s i de of h e l i c o p t e r . C a r g o d o o r ( a r r o w 1) w a s out of i t s 
t r a c k , but s t i l l a t t a c h e d to the f u s e l a g e . Note i n w a r d d e f o r -
m a t i o n of " r o o f " s t r u c t u r e and b u c k l i n g of v e r t i c a l s u p p o r t 
m e m b e r ( a r r o w 2). 



configuration discussed previously in the Crash Injury Analysis sec- 
tion.    Because these special seats had changed the normal center of 
gravity of the aircraft,   lead weights had been added to the extreme aft 
end of the tail boom and molten lead had been poured into the tail skid. 
This extra weight amounted to about 60 pounds of concentrated mass at 
the extreme end of a moment arm from the tail boom attachment point. 
This extra concentrated mass probably had a great deal to do with the 
tail boom's breaking downward at the initial impact.    If it can be 
assumed that the aft end of the aircraft also sustained an average crash 
force of 9.8 G's vertically,  then this extra 60 pounds could be multi- 
plied to almost 600 additional pounds at the extreme end of the tail boom. 
That 600 pounds at the end of a 10-foot moment arm (length of the tail 
boom) would become 6, 000 foot-pounds and was probably an important 
factor in the tail boom's breaking downward at the initial impact. 

Analysis of the problem of why the roof impinged to such a 
great degree on the occupiable area of the aircraft is centered about 
two basic questions: 

1. What structure supports the roof 

2. At what point during the crash sequence did the roof finally 
crush inward? 

First of all,   the roof is supported at its aft end on a secondary 
type of structure; that is,  the aft firewall bulkhead.    (For distortion 
of bulkhead see Figs.   26-29, pp.   19-20).    About two-thirds of the way 
forward from this point it is supported on the left and the right by 
vertical support members.    During this accident both of the vertical 
support members failed outward in compression and allowed the for- 
ward portion of the roof to come d-jwn into the cabin.    (See Figs.   18- 
19, p.   15; Figs.  66-74,  p.  43 ff).    The aft end,   supported by the bulk- 
head, failed aft as the upper portion of the bulkhead failed in com- 
pression; as a result,  the aft end of the roof moved aft and downward. 

The extreme forward portion of the roof is supported by the 
front door frames and a center strip of the windshield frame structure. 
(See structural drawing and photographs of damage in Fig.   17,  p.   14; 
Fig.  67, p. 44).    Both forward door frame members and the windshield 
frame in the Center failed completely,  and the forward edge of the over- 
head structure crushed inward 18 to 24 inches. 

Further analysis of the vertical support members on the right 
and the left of the cabin indicates that the lower attaching points for 
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t h e s e m e m b e r s c o n s i s t e d p r i m a r i l y of two " L " s t r i n g e r s , one f o r e a n d 
the o t h e r a f t . The o u t e r and the i n n e r s k i n of t h i s v e r t i c a l s u p p o r t 
m e m b e r a r e a t t a c h e d to the o u t e r sk in and the f l o o r r e s p e c t i v e l y . The 
u p p e r a t t a c h m e n t p o i n t s did not a p p e a r to have the s t r u c t u r a l i n t e g r i t y 
of the l o w e r a t t a c h m e n t p o i n t s . (See F i g s . 7 0 - 7 4 , p . 45 f f . f o r d a m a g e 
d e t a i l s in v e r t i c a l s u p p o r t m e m b e r s . ) 

The p r i m a r y s t r u c t u r e of t h e s e v e r t i c a l s u p p o r t m e m b e r s 
a p p e a r s to have b e e n r i v e t e d to the u p p e r f o r w a r d p o r t i o n s of the s l i d i n g 
t r a c k f o r the c a r g o d o o r s and a t t a c h e d by the o u t e r and the i n n e r s k i n 
of the v e r t i c a l s u p p o r t m e m b e r s . 

The two 6 7 - 1 / 2 g a l l o n f u e l t a n k s l o c a t e d to the l e f t and to the 
r i gh t of the ho i s t m e c h a n i s m , j u s t be low the t r a n s m i s s i o n d e c k of the 
a i r c r a f t , a p p e a r to have he ld up v e r y w e l l d u r i n g the c r a s h s e q u e n c e . 
(See i n t a c t n e s s of t ank a r e a in F i g . 30, p . 21) . No f u e l s p i l l a g e w a s 
i o t e a . The t a n k s did not r u p t u r e , a l t h o u g h the o u t e r t ank w a l l s s u s -
t a ined s o m e d a m a g e . 

F i g . 66. L e f t s i de of f u s e l a g e ( s e a t s r e m o v e d ) . V e r t i c a l o v e r h e a d 
s u p p o r t ( a r r o w s ) f a i l e d . (See F i g . 67). 
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F i g . 67. R e f e r e n c e d r a w i n g to i l l u s t r a t e s t r u c t u r e r e f e r r e d to in 
F i g s . 45 and 46. 

F i g . 68. L e f t s u p p o r t m e m -
b e r , a f t edge ( looking f o r w a r d ) . 
Note c o m p r e s s i o n buck l ing 
( a r r o w 1). Dot ted l ine i n -
d i c a t e s n o r m a l p o s i t i o n . F a i l -
u r e of th i s m e m b e r o c c u r r e d 
bo th at the top ( a r r o w 2) and 
b o t t o m ( a r r o w 3) a t t a c h m e n t s . 
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F i g . 69. Le f t s u p p o r t m e m b e r , a f t e d g e , top ( looking f o r w a r d ) . F a i l -
u r e ( a r r o w s ) is b e l i e v e d to have o c c u r r e d d u r i n g f i n a l r o l l i n g 
of the f u s e l a g e onto i t s b a c k . F a i l u r e of th i s s t r u c t u r e o u t -
w a r d , a s i t o c c u r r e d , is m o r e d e s i r a b l e than f a i l u r e i n w a r d 
would b e . 

F i g . 70. L e f t s u p p o r t m e m b e r , l o w e r a t t a c h m e n t p o i n t s . The t r i a n g u -
l a r c u t o u t s ( a r r o w s 1 and 2) a l l ow " L " s t r i n g e r s to p a s s 
t h r o u g h v e r t i c a l l y . The " L " s t r i n g e r s and the i n n e r and o u t e r 
s k i n of the s u p p o r t m e m b e r a t t a c h the m e m b e r to the f u s e l a g e . 
The l ine of r i v e t h o l e s ( a r r o w 3) i n d i c a t e w h e r e the s k i n 
a t t a c h e s to the f l o o r . 
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F i g . 71. S t r u c t u r a l i n t e g r i t y 
of the v e r t i c a l s u p p o r t m e m b e r 
(which a l s o s e r v e s a s d o o r 
f r a m e f o r f o r w a r d and c a r g o 
d o o r s ) d e p e n d s on the s t r e n g t h 
of "L," s t r i n g e r s ( a r r o w s 1 
and 2) and of the i n n e r sk in 
a t t a c h m e n t m e t h o d ( a r r o w s 3 
and 4). The o u t e r sk in a t t a c h -
m e n t s y s t e m is p o i n t e d out by 
a r r o w 5. 

F i g . 72. L e f t v e r t i c a l s u p p o r t m e m b e r , u p p e r a t t a c h m e n t po in t . It 
d o e s not a p p e a r tha t the " L " s t r i n g e r s e x t e n d up to the top of 
t h i s m e m b e r f o r a t t a c h m e n t . I n n e r and o u t e r sk in a p p e a r s to 
be l a r g e l y r e l i e d upon, in a d d i t i o n to o t h e r s t r u c t u r a l a t t a c h -
m e n t m e t h o d s , to p r o v i d e i n t e g r i t y . 
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F i g . 73. Righ t v e r t i c a l s u p p o r t m e m b e r , l o w e r a t t a c h m e n t p o i n t . F a i l -
u r e of t h i s a r e a is e s s e n t i a l l y the s a m e a s the l e f t . F o r w a r d * 
and a f t " L " s t r i n g e r s and o u t e r s k i n and i n n e r sk in a t tach- j , 
m e n t s a l l f a i l e d , a c o n d i t i o n tha t a l l o w e d the s u p p o r t m e m b e r 
to t e a r f r e e . 

F i g . 74. R igh t v e r t i c a l s u p p o r t m e m b e r , l o w e r a t t a c h m e n t p o i n t . Dep th 
and type of f a i l u r e of f o r w a r d " L " s t r i n g e r i s s h o w n l b y a r r o w 
1 (as c o m p a r e d to tha t of a f t " L " s t r i n g e r ) . A r r o w Z i n d i c a t e s 
s o m e a p p l i c a t i o n of f o r c e a g a i n s t the u p p e r a r e a of the m e m b e r 
in an a f t d i r e c t i o n d u r i n g i t s f a i l u r e . 
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CONCLUSIONS 

It is» concluded that: 

1.      The HU-1A embodies certain crash worthy features,  as shown 
in this accident: 

a. The skids and cross-tubes abosrbed a considerable degree 
of crash energy. 

b. The doors broke off and away,   allowing large exits for 
escape when the aircraft came to rest. 

c. The engine broke free in the best possible way. 

d. Certain individual structural    nits,   such a^  the ceiling 
and the floor,   are quite strong. 

e. The fuel cells are located in an area not highly subject to 
impact damage and probably for that reason did not rupture. 

2.      Deficiency in c rashworthiness exists in the following respects: 

a. The seat cushions used are too soft to provide an effective 
stopping distance for impact alleviation. 

b. The rigidity of the seat-supporting structure makes a pro- 
gressive collapse under survivable crash force conditions 
unlikely.    (It is recognized that the seats used in this par- 
ticular aircraft are not the type normally used in the HU- 
1A and that the normal seats provide a certain degree of 
energy absorption. ) 

c. The roof is not supported by vertical members strong 
enough to keep it from crushing down into the cockpit and 
cabin areas under conditions of survivable crash force. 

d. The center of gravity of this aircraft had been altered by 
installing heavier than standard seats,   requiring the addi- 
tion of undesirable weight to the tail. 

e. Shoulder harness was not installed in this aircraft.    Al- 
though the absence of more serious injury in this accident 
can be attributed to an unusual coincidence (the lack of 
shoulder harness and weakness of the roof-supporting struc 
lure),  there is no reason to discredit the proven value in 
survivable accidents of a properly installed and worn 
shoulder harness. 
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RECOMMENDATIONS 

It is recommended that: 

Immediate attention be ^iven toward increasing the in- 
tegrity of tha overhead structure of the HU-1A to prevent 
it from impinging on the cockpit and cabin areas under 
survivable cr< sh force conditions.    A suggested solution 
to this problem would be to install a roll-bar structure 
in the fuselage. 

Any seats and seat cushions used in this type aircraft be 
of a type whu h will provide sufficient vertical crash 
energy absorption to prevent injury under survivable 
crash force conditions. 
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MEDICAL REPORT FORMS 
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APPENDIX II 

CRASH FORCE ANALYSIS 

In the absence of instrumentation as used in experimental 
crashes,   the calculation of the decelerative forces during the initial 
impact had to be based upon eyewitness accounts,  photo interpretation, 
and post-crash measurements of gouges and structural damage.    The 
results of these calculations,   therefore,   must be considered as 
approximations. 

The flight path angle was estimated at 18 to 23 degrees; the 
flight path velocity was estimated at 40 to 50 knots.    The vertical 
stopping distance (15 inches) is the known distance between the fuselage 
and the ground plus the depth of gouge. 

Impact velocities of 40,   45,   and 50 knots,   in combination with 
impact angles of 18 and 23 degrees respectively,  produced the following 
vertical velocity components:   22.5,   24.7,   27,   29,   3L?,   34 feet per 
second. 

The average value of these vertical velocities is 28 feet per 
second.    This average vertical velocity,   in combination with a vertical 
stopping distance of 15 inches,  would indicate a mean value of 9. 8 G's 
vertically.    The duration,  determined by distance and average speed, 
was found to be 0. 09 second.    The rate of onset was approximately 
218 G's per second. 

The information available was insufficient to make an estimate 
of the horizontal deceleration during the initial impact.    However, 
since no signs of extensive gouge marks were found and since longitu- 
dinal compression of aircraft structure was negligible,   it seems 
reasonable to assume that the horizontal deceleration was considerably 
less than the vertical deceleration. 

By estimating the coefficient of friction (/i ) between the air- 
craft and the terrain involved as 0. 4 and using the formula Gh = A» Gv, 
an approximation of the horizontal deceleration was made: 

Gh = (0.4)    (9.8)   =   3.92 G's. 

This calculation is based upon the general assumption that the 
principal horizontal and vertical decelerations in such impacts take 
place simultaneously. 
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